Implementation considerations of an expert system to assess stream water quality management by Cabanillas Barbacil, David Conrado & Willmott, Steven Nicolás
 	
	ﬀﬁ	ﬂﬃﬃ !"#%$ﬁﬁ	ﬂ&'(	)
*'+ﬂ&	-,.ﬃ	ﬂ0/1ﬁﬃ&(23"ﬁﬃ4	5	"
6
7ﬁ8ﬃ	9;:3<=ﬀ,>85"	9='?<
@A	ﬂ&B@A	ﬁﬂCEDF'ﬁ HGJIﬃKﬃGJLMNGJ@
O P Q R S T U Q V W V X Y Z Q V [ \ P Q \ W ] S \ W V W Z O P ^ W
_ ` a b c d b e ` f d g ` h i ` f j k b d j ` l m n m l d ` e ` l o f p q c e r d m s l
Implementation considerations of an Expert System to
assess Stream Water Quality management
Davidt Cabanillasu v andw Stex vt eny Wz illmott {
{
Uni| vt ersitaty Polit} e`cnicay de~ Catalunu ya,
Edifici C5-Campusu Nord, Jordi Girona 1-3,E-08034 Barcelona
Catalonia,u Spainx
Abstract:
The main goal of STREAMESx (ST ream REAch Management, anw Expert System)x prototype is to assistw to the
wŁ aterw managers to ey vt aluatew human alteredw streams, viat point andw non–point sources andw magnitudes of nutrient,
deciding~ the best strate gy in front of them.
This technical report ey xplains ho wŁ the system is composed, interrelated, treating in depth~ aboutw architecturalw
andw technological aspects.w Our system is anw eny vironmentalt system. It is aw system concerning on eny vironmentalt
domain,~ concretely on ri vt ersy ecosystem.y
K eyw ords: Expert Systems;x En vironmentalt Decision Supportx System;x stream nutrient loads.
1 I N TROD U CTION
This paper describes~ the implementation of the
The STREAMESx European project 1,  in the frame¡
of European Commission’u s Fifth¢ Frame¢ wŁ ork Pro-}
gramme (1998-2002) andw Wz aterw Frame¢ wŁ ork Direc-
ti vt ey (2000). It aimsw to analyzew nutrient c ycles in
aw particular ,  human-altered eny vironment:t the ri vt ery
ecosystem,y withŁ special emphasisy on the Mediter£ -
ranean re gion. The main¤ objecti vt ey is to assistw to the
wŁ aterw managers, helping in the decision~ taking. The
objecti vt ey of the Expert Systemx (ES) [8]¥ is to cap-
ture knowledgeŁ from both wŁ aterw managers andw en-y
vironmentalt scientists regarding nutrient efy fects in
streams andw combine their knowledgeŁ into aw user¦ –
friendly¡ decision~ support system [6].¥ Although§ the
project refers to de~ vt elopey anw ES the f¡ actw is that weŁ
ha vt ey de~ vt elopedy anw EDSS because weŁ ha vt ey produced
dif~ ferent¡ related tools to help the wŁ aterw manager¤ de-~
cisions, 2
¨
[6].¥ The process to decide~ if aw specific ri vt ery
achiew vt ey aw good state in vt olv edy aw lot of vt ariablesw such
asw hydrology,  geomorphology ,  types of vt ey getation,
soil type andw land use¦ andw so forth allw efy fect on nutri-
©
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ª
EDSS is a system under« the¬ control of one or more decision
makers that¬ assists in­ the¬ activity of decision making by® pro-¯
viding an organized set of tools¬ intended­ to¬ impart­ structure to¬
portions¯ of the¬ decision–making situation and to¬ improve the¬ ul-«
timate¬ effectiveness of the¬ decision outcome
enty andw can° change° prognoses± for² nutrient efy fects² in
eachy ri³ vt ery area.w Wz aterw managers¤ andw eny vironmentalt
scientists often ha´ vt ey conflicting° points± of viet wµ on aw
particular± problem,± furthermore² rule³ writingµ is made¤
comple° x by the constraints° on whatµ andw howµ can° be
ey xpressed the Expert Systemx (ES)¶ implementation.
The paper± discusses~ both architecturalw andw technol-
ogy concerns,° the interplay between interfacesw for
non–specialists andw aw rule based architecturew 3
·
asw
wellµ asw the illicitation of kno¸ wledgeµ that wµ asw nec-
essaryy to de~ viset the rules.³
The¹ or ganizationº of this paper± is asw follo² ws:µ In» the
ne xt¼ section, weµ describe~ whichµ arew the important
points± of our project.± In» section 3½ – 4¾ weµ dra~ wµ at-w
tention to the design~ andw technologies in vt olv edy in
the deplo~ yed¿ andw aspectsw implementation. Wz ey con-°
clude° the paper± withµ aw brief conclusion° andw future
wµ ork andw research wµ ayw .
2À BÁ ACÂ KGROUÃ NÄ DÅ
The wµ aterw managers should ey vt aluatew aw largeº quantityÆ
of information to determine~ whichµ is the state of aw
rivt ery andw whichµ arew the actionsw to realize in front of
Ç
http://www.aaai.org/AITopics/html/expert.html
dif~ ferentÈ problemsÉ 4
Ê
.
InË order to fÈ acilitatew the tasks to the wÌ aterw manager¤
weÌ haÍ vt ey de~ vt elopedy aw system that collectÎ the knoÏ wl-Ì
edgey of dif~ ferentÈ sources ey xtractedÐ fromÈ literature
andw human ey xperts asw wellÌ asw the specific knowl-Ì
edgey than canÎ only be acquiredw by processingÉ em-y
piricalÉ data~ directly~ collectedÎ from eachy study site.
In anw yÑ caseÎ the ES willÌ of fer possibleÉ options andw it
willÌ be task of wÌ aterw managers to chooseÎ the more
suitable to eachy case.Î
TheÒ currentÎ implementation is JaÓ vt aw based (ruleÔ
engine)y withÌ aw VÕ isual BasicÖ User× front–endÈ andw
the capturesÎ aroundw 250Ø rulesÙ forÈ se vt eraly scenar -
ios types (makingÔ it aw non–trivialt Expert System).x
Whilez the currentÎ prototypeÉ only coÎ vt ersy the reach
levt ely the implementation of the system is alreadyw
plentyÉ of significant compleÎ xity andw proÉ videst anw in-
structi vt ey useÚ caseÎ on de~ vt elopmenty of aw Artificial In-
telligence solution in conjunctionÎ withÌ domain~ ey x-
perts.É
TheÒ inno vt atiw vt ey characterÎ of the ESÛ lies in its abil-w
ity to estimatey andw ey vt aluatew uncertaintiesÚ in the pre-É
diction~ of the stream wÌ aterw qualityÜ in support of
management¤ decisions.~ AnotherÝ important issue is
the inte grationÞ of aw Geographicß InformationË Systemx
(GIS)Ô 5
à
link edy to aw nutrient ey xportÐ model¤ MOdellingá
Nutrientâ Emission in RIvery Systemsx MONERIS [2]ã
into the de~ vt elopmenty of the ES, to addressw spatial
information atw the appropriatew stream management
scale.
3ä DESIGNå
TheÒ idea is to design~ anw EDSSÛ that folloÈ wsÌ the ne xtÐ
features:È
æ modular: The EDSS is formed by some
piecesÉ such as:w ES, MONERIS model, GISß
ç
reusable: The ES is aw open shell, so may
be usedÚ in other eny vironments.t Onlyè willÌ be
necessary to re–writeÙ the rulesÙ (namelyÔ the
knoÏ wledge)Ì
é ey xpandable:Ð Streamesx haÍ vt ey been aw prototype,É
probablyÉ in aw ne xtÐ futureÈ it willÌ be necessary
to include more functionalities
The more important aspectsw in the design~ choicesÎ
havt ey been to select the knowledgeÌ base systems [7]ã
ê
Following the¬ 2000/60/EEC Wë ater Framework Directive
ì
www.gis.com
more¤ adequate,w the ne xtÐ list describe~ the three pos-É
sible paradigms:É
í Rule–based heuristic (eÔ xpert) knowledgeÌ en-y
codedÎ in rules.
î Model–based reasoning is based on aw model
of the system.
ï Case-basedu knowledgeÌ is proÉ videdt by manyÑ
ey xamples of solutions to preÉ vioust cases.Î
Wz ey haÍ vt ey choseÎ the firstð one, the reasonsÙ arew because:
ñ Rule–based systems arew aw relativt elyy simple
model that canÎ be adaptedw to anw yÑ number of
problemsÉ
ò In some casesÎ weÌ don’~ t dispose~ solutions to
preÉ vioust casesÎ
ó For the scientifics is suitable to writeÌ his /ô her
knowledgeÌ to rules
InË the ne xtÐ sections, weÌ describe~ the most¤ important
fÈ acetw of the project.É
3.1ä Obtainõ /ö Repr÷ esentationø /ö Orõ ganizationù ofú
theû Knoü wledgeý
KnowledgeÌ acquisitionw ([1Ô ],ã [5])ã is the stone cornerÎ
of whateÌ vt ery rule based engine.y Wz ithout the ey xpert’s
knowledgeÌ is not possibleÉ to writeÌ do~ wnÌ rules that
describe~ the beha viort of the system to treat.
InË our caseÎ weÌ haÍ vt ey steering withÌ aw greatÞ number of
information sources. Firstþ atw allw weÌ haÍ vt ey tw o kindsÏ
of institutions – researchÙ andw management–¤ one of
them haÍ vingt aw particularÉ problemÉ viet wÌ /ô knoÏ wledgeÌ
andw achiew vt ey ours goals.Þ Furthermore,þ the partici-É
pantsÉ comeÎ fromÈ 17 institutions in 8ß countriesÎ andw
havt ey been selected eley vt eny dif~ ferent sites. All this
greatÞ amountw of heterogenous knowledgeÌ has been
obtained by means of forms, interviews,Ì meetings
withÌ the wÌ aterw managers andw eny vironmentalt scien-
tists.
TheÒ syntax to describe~ the rulesÙ is naif b utÚ enoughy
poÉ werfulÌ to describe~ our knoÏ wledge.Ì Wz ey dispose~
of aw dif~ ferentÈ decision~ trees (eachÔ one forÈ eachy one
problem).É Decision TÒ reesÙ hasÍ the folloÈ wingÌ advw an-w
tages:
  Outputsè the hypothesis in the form of aw tree
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Figure 1: Decision Tree
 Canu be though of asw rules, or disjunction~ of
conjunctionÎ of constraintsÎ
 VÕ eryy popularÉ in data-mining~ because it is easyy
to understandÚ algorithmw andw output
Wz ith this b unchÚ of IF–THEN rules andw the informa-
tion introduced the system is preparedÉ to run.Ù TheÒ
knoÏ wledgeÌ or ganizationÞ is to mak¤ ey groupsÞ of rulesÙ
/ô fÈ actsw relatedÙ by problems.É ItË means¤ that Eutroph-Û
ication problemÉ 6

hasÍ relatedÙ aw set of rulesÙ andw fÈ actsw
stored in aw uniqueÚ table. Wz ith this approachw is easiery
to knoÏ wÌ whichÌ rulesÙ arew triggers andw to modify¤ the
rulesÙ in the future.È BecauseÖ the end–usery only needs
to modify¤ one table andw eachy one only wÌ orks o vt ery
aw problem.É For more details~ is advisablew to reviet wÌ
[5].
3.2ä Ar chitectur eø design
Wz ey haÍ vt ey di~ videdt the architecturew 2Ø in three parts.É
First, the Exper Systemx (ES)Ô whichÌ is consideredÎ
the heart of our system. In aw second partÉ the inter-
facew that it’s sho wedÌ to the end–usery . And finally the
relation between the input data~ userÚ andw the results
obtained by the ES.
Expert System
TheÒ ESÛ architecturew is composedÎ by:
ﬀ
Eutrophication: gradual increase in the¬ concentration of nutri-
ents in an aging aquatic ecosystem.
Figureþ 2:Ø ArchitectureÝ design~
ﬁ KnowledgeÌ base that containsÎ factsw andw rules,
represented usingÚ aw formalism (semanticÔ nets,
frames,...)
ﬂ Inference enginey
ﬃ Applies rules to factsw andw producesÉ newÌ
knowledgeÌ
For more details~ particularÉ emphasisy on the imple-
mentation of the rule system goÞ vt erningy the centralÎ
partÉ of the reasoning. In [4]ã for BESAI 2004 7

in
processÉ of revision.t
InferenceË engine:y
 Interprets rules againstw factsw usingÚ aw strate gyÞ
! Stratex gyÞ
" detection:~ findsð “firing” rulesÙ
# selection: solv esy confictsÎ
$ application:w inference (forwÔ ardw chainingÎ in
our case)Î
Selection:x Fromþ the rulesÙ identified during~ the de-~
tection stage, findð the best one. Solvx ey conflicts,Î withÌ
vt ariousw criteriaÎ implemented such as:w
% useÚ the most popularÉ rule
&
most specific /ô generalÞ
'
http://www.lsi.upc.es/ webia/besai/besai2004.html
( the most¤ informati vt ey (highÔ number of ne wÌ
fÈ acts)w
Application:
) ExÛ ecutey the selected ruleÙ
* Add newÌ factsw into the rule base
+ Propagate, rulesÙ
- Checku forÈ termination (ifÔ allw rulesÙ haÍ vt ey been
applied,w or aw conclusionÎ hasÍ been reached)Ù
An Expert Systemx (ES)Ô is aw computerÎ programÉ that
performsÉ dif~ ficult andw specialized tasks atw the levt ely
of humanÍ ey xpert.Ð TheÒ structure of the ESÛ presentsÉ
tw o main¤ independent modules:¤ the Kno. wledgeÌ
BaseÖ (KB)Ô andw the InferenceË EngineÛ (IE).Ô TheÒ Fig-þ
ureÚ 2Ø sho wsÌ out the dif~ ferentÈ partsÉ in vt olv edy in the
project.É InË paperÉ [3]ã forÈ iEMSs 2004Ø 8 in reÙ vision,t
whereÌ weÌ summarize the decision–support~ knowl-Ì
edgey componentsÎ whichÌ havt ey been identified in pre-É
vioust wÌ ork and,w based on these, presentÉ anw im-
plementationÉ of aw prototypeÉ of anw eny vironmentalt
decision–support~ system.
Interface/
TheÒ interf acew 50 is the input data~ door~ andw weÌ haÍ vt ey
treated that this task comesÎ easyy andw of fersÈ aw lot of
helpÍ in order to assurew to the userÚ aw confidenceÎ in the
system.
Interconnection1 between2 ES and3 user4
The interconnection between the Expert Systemx andw
the final userÚ arew sho wedÌ in tw o wÌ ays.w In Figure 35
the relation from the input data~ by the end–usery andw
Figure 4 the opposite wÌ ayw from the inference enginey
to end–usery .
3.3ä Technologiesø Choices6
Sox fÈ arw ,7 weÌ haÍ vt ey been describing~ the aspectw more¤ re-Ù
lated withÌ the conceptÎ levt ely in technological aspects.w
Onceè youÑ havt ey the design,~ the next step, commonlyÎ ,7
is to implement it. During this processÉ it is neces-
sary to look afterw to choseÎ the most adequatew tech-
nologies that in eachy caseÎ arew necessary in anotherw
wÌ ayw weÌ may havt ey aw negatiÞ vt ey impact on the progressÉ
of the project.É
8
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Figure 3:M From input data~ to end–usery
From inference engine to user
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Figureþ 4:V Fromþ inference enginey to end–usery
About our proposalÉ solution. It is possibleÉ to de~ viset
tw o important groupsÞ of Expert Systems:x
W Commercialu shell (likÔ ey such JessÓ 9X or G2ß 10)Y
andw
Z Openè source softw arew (likÔ ey such CLIPSu 11 or
Mandarax12)Y
Due to the featuresÈ imposed in this projectÉ weÌ didn’~ t
useÚ aw commercialÎ shell. Wz ey haÍ vt ey obtained knoÏ wl-Ì
edgey aboutw whichÌ is the beha viort /ô structure of anw
ey xpertÐ system andw weÌ haÍ vt ey deplo~ yedÑ aw ne wÌ one fol-È
lo wingÌ traditional theories. TheÒ more¤ important ad-w
vt antagew of this approachw is that weÌ knowÌ howÌ it
wÌ orks andw in aw future it canÎ be improvt edy /ô ey xpanded.
[
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] ^
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Figure 5:0 1-conductance-interfacew
About the programmingÉ languages: Wz ey havt ey con-Î
sidered tw o candidatesÎ for the programmingÉ lan-
guageÞ to de~ vt elopy our ES, whichÌ wereÌ VÕ isual Basic
(VB)Ô andw JaÓ vt a.w Wz ey havt ey usedÚ VBÕ to deplo~ yÑ the userÚ
interfacew (likÔ ey front–end 5),0 whileÌ weÌ havt ey usedÚ JaÓ vt aw
(likÔ ey back–end) whichÌ is platformÉ independent, to
deplo~ yÑ the inference engine.y TheÒ idea is to deplo~ yÑ
aw reusableÙ inference enginey andw to bind it withÌ the
specific interf acew andw knoÏ wledgeÌ base forÈ eachy one
case.Î
About the Databases: A database~ is essentiallyy aw
repository of data,~ whichÌ allow wsÌ information to be
stored andw retrievt edy quicklyÜ . Ourè options had been
Microsoft Access andw the main reason is due~ to its
abilityw to integrateÞ withÌ other Microsoft technolo-
giesÞ andw its simplicity to set up.Ú Hob weÌ vt ery ,7 weÌ wÌ ould
lik ey to considerÎ anotherw possibilitiesÉ such asw Mi-á
crosoftÎ SQLx Servx ery or MySQL.á
AboutÝ the Communication:u Due that weÌ haÍ vt ey se-
lected tw o dif~ ferentÈ languages it is necessary to
communicateÎ them. Wz ey haÍ vt ey consideredÎ Wz inSock,
whichÌ proÉ videst aw tw o-w ayw communicationÎ between
applicationsw eithery on the same computerÎ or tw o dif-~
ferent computers,Î to achiew vt ey the interoperation of
systems between them.
In the diagram~ 6c weÌ de~ viset the dif~ ferent partsÉ andw
howÌ arew related.
4 IMPLEMENå TATIONå
Implementation andw test:
d Implement the knowledgeÌ base
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f
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g
Figure 6:c Technologiesy choicesÎ
h ImplementË the inference enginey
i TÒ esty on aw set of knoÏ wnÌ casesÎ
5j TESTINå G ANå D RESUk LTS
The vt alidationw invt olv edy tw o dif~ ferent aspects:w aw vt al-w
idation of the technical aspectsw andw aw vt alidationw of
the outputs obtained by the EDSS. The first one
haÍ vt ey been realizedÙ during~ the stage of de~ vt elopingy
andw the second weÌ willÌ compareÎ the outputs by
EDSSÛ withÌ aw wellÌ knoÏ wnÌ ey xamples.Ð Furthermore,þ
the last Wz ork P, ackagew is aw dissemination~ of the sys-
tems andw weÌ ey xpectÐ to obtain more¤ information dur~ -
ing this phaseÉ aboutw whichÌ arew the feelingsÈ of the
end–usery in frontÈ the system.
6l Cm ONå CLUk SIONå S An Nå Do Fp Uk TUk REq Wr ORK
This paperÉ describes~ the more technicians aspectsw
during~ the de~ vt elopmenty of STREAMESx project.É
TheÒ ne xtÐ list describes~ possibleÉ futureÈ wÌ ays:w
s Relationt between other technologies Monerisá
/ô GISß to impro vt ey the EDSSÛ
u Introducing more poÉ werÌ in the rules’ syntax
(fuzzyÔ sets, operators)
v Automatic rule generationÞ andw vt alidationw
w Compareu withÌ other knoÏ wledgeÌ base systems
such asw CBRu systems, MBRá systems.
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